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• Douglas-fir (wide
distribution)

• Low site index
• Old looking trees; 

subfossil wood
• Earlywood, 

Latewood, Total 
ring width

Site and species selection



Annual Ring and Growth Bands

Ring Width

Earlywood Latewood False ring



Ahuehuete, Sabino, Montezuma Baldcypress (Taxodium mucronatum)



Pino piñonero (Pinus cembroides; Pinus pinceana); Pinus lumholtzii



http://www.srh.noaa.gov/maf/research/casagrande.html



DistributionDistribution ofof TreeTree--RingRing ChronologiesChronologies in in MexicoMexico



NetworkNetwork ofof treetree--ringring ChronologiesChronologies in in 
thethe SMOSMO

MostlyMostly DouglasDouglas--firfir ChronologiesChronologies

LotLot ofof potentialpotential forfor developmentdevelopment ofof newnew
chronologieschronologies ofof baldcypressbaldcypress, Pines, , Pines, 
PinyonPinyon, , OaksOaks, , andand otherother speciesspecies

>600 >600 yearyear chronologieschronologies

SensitiveSensitive toto winterwinter--springspring precipitationprecipitation

WarmWarm phasephase ofof ENSO ENSO 

PrecipitationPrecipitation andand streamflowstreamflow
reconstructionsreconstructions



Sierra Madre Occidental Sierra Madre Occidental 

TheThe SMO SMO isis thethe rhyoliticrhyolitic formationformation
ofof greatergreater dimensiondimension in in thethe worldworld. . 
GeographicallyGeographically isis locatedlocated atat thethe
westernwestern regionregion ofof MexicoMexico andand
spreadsspreads overover 1500 1500 kmkm lengthlength andand
200 200 toto 400 400 kmkm widewide..

TheThe SMO SMO isis highlyhighly variable in variable in termsterms
ofof elevationelevation withwith a a mean mean ofof 2,500 m 2,500 m 
toto overover 3,300 m.3,300 m.

ThisThis mountainmountain rangerange limitslimits toto thethe
easteast by by thethe ChihuahuanChihuahuan desertdesert
highlandshighlands andand toto thethe westwest by by thethe
PacificPacific coastcoast..

TheThe annualannual total total precipitationprecipitation rangesranges
fromfrom 500 500 toto 1500 mm, 1500 mm, nearnear toto 70% 70% 
fallfall in in thethe summersummer seasonseason. . TheThe
watersheds watersheds ofof thethe SMO SMO draindrain eithereither
toto thethe PacificPacific oror toto desertdesert highlandshighlands..

USAUSA
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PacificPacific OceanOcean
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WatershedWatershed managementmanagement in in 
thethe SMOSMO

AllAll thethe importantimportant riversrivers ofof thethe
SMO SMO werewere dammeddammed, , exceptexcept thethe
southernsouthern partpart, , wherewhere rainfallrainfall isis
ofof greatergreater magnitudemagnitude andand
irrigationirrigation isis lessless importantimportant..

TheThe damsdams havehave anan importantimportant
storagestorage capacitycapacity overover 3 km3 km33 forfor
mostmost ofof themthem. . 

TheThe irrigationirrigation districtsdistricts are are ofof
greatgreat extensionextension andand mostmost ofof thethe
cropscrops are are growngrown forfor industrial industrial 
purposespurposes..
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Seasonal (Nov-May) reconstructed precipitation for Durango, Chihuahua, and 
Sinaloa
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Seasonal October-May precipitation for grid 4532 (Sonora-
Chihuahua)
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Seasonal November-March precipitation for Durango, Mexico
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WinterWinter--springspring precipitationprecipitation
reconstructionsreconstructions forfor differentdifferent
regionsregions ofof thethe SMO SMO 

PrecipitationPrecipitation reconstructionsreconstructions overover
500 500 yearsyears

CommonCommon drydry periodsperiods forfor 1490s, 1490s, 
1560s, 1690s, 1760s, 1790s, 1800s, 1560s, 1690s, 1760s, 1790s, 1800s, 
1860s,1890s, 1950s, 1990s 1860s,1890s, 1950s, 1990s 

ImpactImpact ofof atmosphericatmospheric circulatorycirculatory
patternspatterns
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StreamflowStreamflow reconstructionreconstruction ofof thethe upperupper
forestedforested NazasNazas watershedwatershed

HistoricalHistorical streamflowstreamflow variabilityvariability
significantlysignificantly relatedrelated toto ENSOENSO

Extreme Extreme drydry eventsevents (1800s, 1860s, 1890s, (1800s, 1860s, 1890s, 
1950s, 1950s, andand 1970s) 1970s) commoncommon toto otherother climaticclimatic
reconstructionsreconstructions forfor thethe regionregion..

IrrigatedIrrigated areaarea in in thethe Comarca Lagunera Comarca Lagunera 
highlyhighly dependantdependant onon thethe NazasNazas streamflowstreamflow

PotentialPotential toto predictpredict in in advanceadvance streamflowstreamflow
as as functionfunction ofof ENSO, ENSO, importantimportant informationinformation
forfor allocatingallocating waterwater volumesvolumes forfor agriculturalagricultural
purposespurposes



0

50

100

150

200

250

300

350

400

450

500

1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000

Year

R
ec

on
st

ru
ct

ed
 P

pt
 (J

ul
 - 

S
ep

) m
m

ReconstructedReconstructed seasonalseasonal ((JulyJuly--SeptemberSeptember) ) precipitationprecipitation forfor thethe
lowerlower NazasNazas basinbasin, Durango, Durango

CypressCypress chronologychronology

DroughtsDroughts: 1500s, 1560s, : 1500s, 1560s, 
1580s, 1640s, 1690s, 1580s, 1640s, 1690s, 
1760s, 1780s, 1860s, 1760s, 1780s, 1860s, 
1950s, 1990s1950s, 1990s



0

50

100

150

200

250

1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000

Year

Pr
ec

ip
ita

tio
n 

(m
m

)

1440s                 1550s                   1640s       1690 1730s             1790s               1860s         1950s 1990s
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precipitation. Peña Nevada, Nuevo León
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Precipitation reconstruction. Saltillo, Coahuila
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          Precipitación Reconstruida
Tropical Rainfall Index
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Precipitation reconstructed and the
correlation with ENSO



Low frequency events common to some
precipitation reconstructions
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r = 0.42 r = 0.69 r = 0.52 r = 0.66 r = 0.28
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          Precipitación Reconstruida
Tropical Rainfall Index
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FutureFuture researchresearch activitiesactivities
ToTo expandexpand thethe networknetwork ofof treetree--ringring

chronologieschronologies

ToTo analyzeanalyze thethe dendrochronologicaldendrochronological
potentialpotential ofof newnew speciesspecies in in temperatetemperate
andand tropical tropical areasareas

ToTo developdevelop summersummer precipitationprecipitation
reconstructionsreconstructions andand toto analyzeanalyze thethe
influenceinfluence ofof NAMS, tropical NAMS, tropical stormsstorms
andand hurricaneshurricanes onon waterwater availabilityavailability

ResearchResearch collaborationscollaborations toto studystudy
specificspecific issuesissues onon climateclimate changechange



RunoffRunoff analysesanalyses andand changeschanges in in 
base base flowflow forfor basinsbasins in .in .

StreamflowStreamflow andand precipitationprecipitation
reconstructionsreconstructions withwith treetree--ringring
data.data.

HistoricalHistorical analysisanalysis ofof atmosphericatmospheric
circulatorycirculatory patternspatterns andand theirtheir
influenceinfluence onon waterwater availabilityavailability

ToTo analyzeanalyze waterwater availabilityavailability underunder
extreme extreme climaticclimatic eventsevents andand thierthier
potentialpotential impactimpact onon societysociety

ToTo provideprovide decisiondecision makersmakers withwith
hydrologicalhydrological informationinformation forfor
planning planning waterwater resourcesresources in in thethe
centralcentral--northernnorthern MexicoMexico

CollaborativeCollaborative workwork toto addressaddress
issuesissues in in climateclimate changechange andand
socioeconomicalsocioeconomical impactsimpacts



¡¡Muchas gracias!Muchas gracias!
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